Parental roles and the amount of care in bi-parental fish have been assumed to be determined by sex. We studied the parental behaviour in a substrate brooding cichlid Julidochromis ornatus (40-90 mm in total length) in which both parents participate in care of eggs and young. In the study population, ca 80% of paired females were larger than their partners and pairs mated assortatively for size. Males spent more time with their offspring in female-largest pairs, whereas the opposite was found for male-largest pairs. These differences in the amount of care were more conspicuous when differences in body size were greater, whereas similar sized pairs shared parental tasks. These results suggest that the amount of parental care is largely affected by the relative size within pairs independent of sex in J. ornatus. However, the frequencies of defensive behaviours were not different in both female-largest and malelargest pairs. This indicates that parental roles would not completely change as the change of the body size difference within pairs. The larger parents were socially dominant over the partners regardless of sex, and observations of aggressive behaviours within pairs suggest that the larger fish are likely to make the partners perform parental care. Higher frequencies of aggressive encounters were observed in the similar-sized pairs than in the different-sized ones. Higher costs associated with frequent aggressive behaviours in the similar-sized pairs may be related to their small brood size, and may be partly responsible for the size-assortative mating with sexual size difference in this fish.
Introduction
Bi-parental care is assumed to evolve in animals, where raising the offspring is likely to require both parents (Clutton-Brock, 1991a) . In these animals, parental care is not always shared equally, and parental role specialization is found between males and females. For example, in many avian species, females are the principal caretakers spending more time incubating eggs, and males exclusively perform territory defence (Clutton-Brock, 1991b) . However, few studies have examined how such differences in parental roles and the amount of care occur in bi-parental animals.
Although bi-parental care is rare in fishes, it is found in many cichlids and some catfishes (cichlids, reviewed by Keenleyside, 1991; Kuwamura, 1997; catfishes, Blumer, 1986; McKaye et al., 1994; Ochi et al., 2000 Ochi et al., , 2001 . Among many of these fishes, females smaller than their mates are principal caretakers, which tend to remain with their offspring and perform direct care behaviours including fanning of eggs and cleaning of eggs and larvae. Males tend to be less close to their broods and mainly perform territory defence and/or brood defence against predators (Keenleyside & Bietz, 1981; Itzkowitz, 1984; Kuwamura, 1986a; Nakano & Nagoshi, 1990; Stiassny & Gerstner, 1992) . A reverse in these sex differences in parental roles has been reported for a Tanganyikan cichlid, Julidochromis marlieri (Yamagishi & Kohda, 1996) and for a catfish Bagrus meridionalis (McKaye et al., 1994) . In both species males are smaller than females. These examples suggest that the differences in size between males and females may play a role in sexual differences in parental roles and the amount of parental care in bi-parental fishes.
In some cichlids with predominantly bi-parental care, parental care patterns (i.e. the amount of care) sometimes change in relation to the changes in the relative costs and benefits to males and females. For example, operational sex-ratio (OSR) plays an important role in the care-patterns in the mouthbrooding cichlid Sarotherodon galilaeus; male or female desertion is more likely to occur when OSR is biased toward opposite sex (Balshine-Earn & Earn, 1997 , 1998 . Similarly, male desertion under female-biased OSR has been reported for other bi-parental cichlids (e.g. Herotilapia multispinosa,
